Candida parapsilosis, although a human commensal, acts as an opportunistic pathogen associated with nosocomial infections, with a rising incidence worldwide. Its ecological characteristics are poorly understood. Human-made environments within dwellings, such as dishwashers and water distribution systems, represent major sources of fungi such as C. parapsilosis. Here, we investigated the presence of members of the C. parapsilosis complex in 99 washing machines in various dwellings in the city of Mersin, Turkey. We sampled three sites in each washing machine: (i) the washing powder drawers, (ii) fabric softener drawers, and (iii) rubber seals around the washing machine doors. Additionally, we recorded the type of cleanser used by each customer. Of note, 25.3% of sampled washing machines harbored C. parapsilosis strains, later identified as the members of the C. parapsilosis sensu stricto via internal transcribed spacer (ITS) sequencing. Out of the 29 isolates obtained, biofilm-forming ability and proteinase and esterase activities were recorded in 14, 11, and 4 of the isolates, respectively. Our results suggest that the washing machines investigated abundantly harbored C. parapsilosis sensu stricto; however, no single preferred isolation site or association with cleanser type was observed (P > .05). Furthermore, C. parapsilosis isolates grew at temperatures ranging C The Author 2017. Published by Oxford University Press on behalf of The International Society for Human and Animal Mycology. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com
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Introduction
The incidence of candidemia caused by non-Candida albicans Candida spp., such as Candida glabrata and Candida parapsilosis, has been increasing worldwide. 1 Among the various Candida species, C. parapsilosis demonstrates higher echinocandin minimum inhibitory concentration values 2 with an enhanced biofilm formation capability, 3 and amphotericin B remains the antifungal drug of choice for the treatment of infections caused by this species. 4 Outbreaks of nosocomial infections caused by C. parapsilosis have been reported to occur through contact, via the hands of health-care workers and the use of contaminated medical equipment. 5, 6 C. parapsilosis associated with the use of indwelling catheters have been increasingly reported to occur in preterm neonates, with high rates of morbidity and mortality. 4 An understanding of the ecological characteristics of this fungus is thus necessary to elucidate its epidemiology. Human-made environments, particularly within dwellings, represent important habitats for opportunistic pathogens. 7 Several species of bacteria and fungi are capable of growth in domestic hot water systems owing to their thermotolerance and ability to degrade detergents. [8] [9] [10] Although thermophilic chaetothyrialean black yeast-like fungi, Exophiala dermatitidis and Exophiala phaeomuriformis have been found in dishwashers worldwide, 9,11-13 E. dermatitidis was not found in washing machines; 10, [14] [15] [16] however, the presence of E. phaeomuriformis was confirmed. 10 However, white yeasts belonging to the C. parapsilosis complex are consistently found in both dishwashers 9, [11] [12] [13] and washing machines. 10 Domestic hot water machinery may therefore play a role in the environmental dispersal of C. parapsilosis, representing a possible route of infection in humans. 10 In this study, we investigated the presence of the C. parapsilosis complex in washing machines in 99 dwellings in the city center of Mersin, Turkey. We additionally analyzed the biofilm-forming ability and production of proteinase and esterase by these isolates in order to further characterize the traits of this species. The ecological characteristics of this fungus, including its natural and human-made habitats, are discussed in the context of our findings and those of previous studies. 
Methods

Sampling of washing machines
A total of 99 washing machines located in various urban private dwellings in Mersin, Turkey, were screened. Three sites were sampled in each washing machine: (i) washing powder drawers, (ii) fabric softener drawers, and (iii) the rubber door seals around the washing machine doors. The water characteristics, including the presence of substances naturally found in the municipal water supply of Mersin, are presented in Table 1 .
Isolation of fungi
Samples were obtained by rubbing the surface of the drawers and the rubber door seals with sterile cotton swabs premoistened with saline solution (0.9% w/v NaCl). Swabs were transferred to sterile tubes and processed immediately at the Department of Pharmaceutical Microbiology, Mersin University. The samples were inoculated onto malt extract agar (MEA; Oxoid, Basingstoke, UK) plates containing 100 μg/ml of chloramphenicol (Sigma, Steinheim, Germany). The plates were incubated at 26
• C and monitored daily, for up to 21 days, for evidence of fungal growth. Fungal colonies were transferred onto Sabouraud glucose agar (Merck, Darmstadt, Germany) plates for further analysis, as described previously. 12, 16 DNA extraction, PCR, and molecular identification DNA extraction and PCR were performed as described by Turin et al. 17 rDNA sequences spanning the internal transcribed spacer (ITS) 1 region were amplified with the universal fungal primers ITS1 and ITS4, using an ABI PRISM 3130XL genetic analyzer at Refgen Biotechnology, Ankara, Turkey. CAP Contig assembly software, which is included in BioEdit Sequence Alignment Editor 7.0.9.0, was used to edit the sequences. 18 Assembled DNA sequences were examined using BLAST in GenBank. 17 
Biofilm formation
We tested the biofilm-forming ability of the isolates using a modification of the crystal violet staining method, as described by Toledo-Arana et al. 19 Briefly, one colony of each isolate was placed into a tube containing 2 ml of brain-heart infusion broth (BHIB; Oxoid, Basingstoke, UK) with glucose (0.25%). Tubes were incubated at 37
• C for 24 h, and suspensions were diluted at a ratio of 1:20 in freshly prepared BHIB with glucose. A 200-μl aliquot of this dilution was added to each well of a microplate. After incubation for 24 h at 37
• C, the microplate was rinsed 3 times with phosphate-buffered saline (PBS) and then inverted to blot, and 200 μl of 1% crystal violet was added to each well. After incubation for 15 min at 26
• C, the microplate was again rinsed 3 times with PBS. Next, 200 μl of an ethanol:acetone mixture (80:20 w/v) was added to each well. The absorbance at 450 nm was read using a plate reader (Biotek EL × 808, USA). The percent transmittance (%T) value of each test sample was subtracted from the %T value of the reagent blank to obtain a measure of the relative amount of light blocked by the sample (%Tbloc). Biofilm production by each isolate was assessed as negative (%Tbloc, < 5), + (%Tbloc, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , ++ (%Tbloc, 20-50), or +++ (%Tbloc, > 50).
Acid-proteinase activity
We analyzed proteinase activity by measuring the zone of clearance on bovine serum albumin agar medium, as previously described. 20 A suspension of each test strain was prepared in a broth of yeast extract, peptone and glucose; the final density was adjusted as McFarland standard No. 0.5. Turbidity was measured using McFarland densitometry. A 10-μl aliquot of this suspension was placed on a sterile paper disk on the surface of the bovine serum albumin agar medium (pH 5.0), and plates were incubated at 30
• C for 6 days. Plates were observed daily for increasing opacity around the disks caused by fungal growth, and the diameter of transparent zones around the colonies was measured. The millimetric zone measurements were evaluated as negative (−) for no clearance, (+) for mild activity (lysis zone of 1-2 mm around the disk), and (++) for strong activity (lysis zone of 3-5 mm around the disk).
Esterase activity
The esterase activity was assessed in Tween-80 agar, according to a method previously described by Slifkin. 21 Ten microliters of the previously prepared suspension from each isolate were inoculated on the Tween-80 opacity test medium and incubated at 37
• C for 10 days. The presence of a halo viewed around the inoculation site, by using transmitted light, was considered to indicate esterase activity. Esterase activity is accepted as negative when precipitation is not observed. Each isolate was screened twice for putative virulence factors.
Physiology
We tested all C. parapsilosis isolates for several growth characteristics. We performed thermotolerance tests in 96-well microtiter plates containing 300 μl of Sabouraud glucose broth (SGB; Merck, Darmstadt, Germany), with 10 μl of cell suspension in each well. The plates were then incubated at 5
• C, 10
• C, 26
• C, 37
• C, and 40
• C. The growth in the media samples was assessed daily for 3 days. Visual and spectrophotometric readings were performed at 450 nm using a Thermo Scientific Multiskan TM -GO Microplate Spectrophotometer (Vantaa, Finland). We additionally assessed tolerance at pH 2.5, 4, 10, and 12.5 in SGB, using appropriate amounts of 0.1 M HCl and 0.1 M NaOH. Halotolerance was assessed in SGB supplemented with 5%, 10%, or 17% NaCl (w/v). Tolerance to 100 μg/ml cycloheximide (Sigma) was also tested on MEA.
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Statistical analysis
Statistical analysis was performed using the SPSS statistical package computer software program version 20 for Windows (SPSS Inc., Chicago, IL, USA). The categorical data between groups were analyzed using the Pearson χ 2 and cross-tabulation tests. A P value of > .05 was not considered statistically significant.
Results
Presence of fungi was confirmed in 47 out of 99 (47.5%) washing machines. Twenty-nine strains of C. parapsilosis A, washing powders; B, fabric softener drawers; C, rubber door seals around the washing machine doors; P, powder cleanser; L, liquid cleanser. were recovered from 25 out of 99 (25.3%) washing machines, of which 19 (79.3%) strains were monofungal and six (20.7%) were members of a polyfungal population consisting of white or red yeasts, or moulds ( Table 2 ). All obtained strains were later identified as C. parapsilosis sensu stricto via ITS sequencing; the other members of the C. parapsilosis species complex, namely, C. metapsilosis or C. orthopsilosis, were not detected in the present study. Rubber door seals were found to be the most common isolation site for fungi (n = 12), followed by fabric softener drawers (n = 10), and washing powder drawers (n = 7; P > .05). In addition, we noted that residents of Mersin preferred powder-based cleansers (n = 14) over liquid cleansers (n = 3). In addition, the washing drawers of machines in which both types of cleanser (n = 12) had been used were found to harbor C. parapsilosis (P > .05). Biofilm-forming ability, proteinase, and esterase activities were described in 14, 11, and 4 strains, respectively (Table 3) . There were no statistically significant differences between the C. parapsilosis-harboring washing machines in terms of frequency of cleaning, lifetime use of washing machines, frequency of use per week, type of laundry cleanser used, and fabric softener usage (P > .05; Table 4 ). C. parapsilosis isolates grew at temperatures ranging from 10
• C to 37
• C, at pH values ranging from 4 to 10 and were found to tolerate 5-10% salinity; growth was not observed in the presence of cycloheximide. C. parapsilosis isolates did not grow at 5
• C and 40
• C, pH values of 2.5 and 12.5, and at 17% salinity. One isolate additionally did not tolerate 10% salinity (Table 5 ).
The ITS rDNA sequences of the three studied isolates were deposited in GenBank as follows: KX652403, KX652404, and KX652405.
Discussion
In the present study, C. parapsilosis sensu stricto, one of the most common opportunistic pathogens, was isolated from 25 out of the 99 (25.3%) washing machines investigated. Rhodotorula was the most abundant genus in 4 out of 6 polyfungal populations observed (66.7%). Rubber door seals represented the most common isolation sites (41.4%), followed by the use of fabric softener drawers (34.5%) and washing powder drawers (24.1%). Powderbased detergent was the most commonly used cleanser, followed by the use of both powder-based and liquid detergents, and liquid detergents alone. However, there was no significant correlation between the fungus and its isolation site or the cleanser type used.
The prevalence of C. parapsilosis in dishwashers was reported to be 1.3%, 11 4.7%, 12 8.5%, 9 and 30%. 13 In a study by our group, only 1.3% of 153 dishwashers were found to be positive for C. parapsilosis, while none of the 178 washing machines examined harbored any fungal species. 11 In contrast, Novak Babič et al. 10 reported that C. parapsilosis is prevalent at a remarkably higher rate (20%) in washing machines. Consistent with these findings, in the present study, this species was found to be prevalent at a relatively high rate (25.3%) inside washing machines, which suggests a predominance of C. parapsilosis in human-made environments in the studied area. A recent study from Slovenia compared the presence of C. parapsilosis in kitchens with and without dishwashers and reported that C. parapsilosis was the most abundant fungal species from sampled surfaces in the latter category. 13 Notably, C. parapsilosis was isolated not only from kitchen drains but also from kitchen sinks, neighboring counters, and dish-drying racks. 13 In another study, Novak
Babič et al. 16 concluded that several fungi, including members of the genera Exophiala, Candida, and Rhodotorula, may be transferred via tap water to household appliances. High concentrations of inorganic ions, such as Ca 2+ and Mg 2+ , and low concentrations of Ca 2+ as well as the presence of nitrate (NO 3− ) support fungal growth. Consistent with Novak Babič et al., 16 water hardness level is mediumhard and NO 3− is also detected in the water in Mersin, Turkey. Novak Babič et al. 10 noted that all fungal species isolated from washing machines exhibited esterase and protease activities at 25 • C; however, these enzyme activities are only exhibited by opportunistic pathogens at 37
• C. In the present study, proteinase activity was tested at 30
• C and esterase activity at 37
• C. Furthermore, biofilm-forming ability was the most commonly found trait in C. parapsilosis isolated from washing machines (48.3%); however, it is not clear as to whether this trait is important for survival in this environment. Two other commonly found traits were proteinase (37.9%) and esterase (13.8%) secretion. Of note, adherence to epithelial tissues, which facilitates colonization of biomaterials and initiation of biofilm formation, may represent an important virulence determinant. 4 Apart from chaetothyrialean black yeasts, which exhibit the unique characteristic of "polyextremotolerance", 9, 11, 12 the present C. parapsilosis isolates did not demonstrate (i) thermotolerance (≥42
• C), (ii) acidotolerance (pH < 3), and (iii) tolerance to cycloheximide. However, almost all C. parapsilosis isolates exhibited halotolerance (NaCl ≥ 10%) and alkalitolerance (pH > 9). Therefore, our findings reveal insights into the adaptation strategies of C. parapsilosis in harsh environments. Hamada 22 found that fungal contamination in new washing machines was more frequent in machines with drying devices than in dryerless washing machines. Hamada et al. 23 investigated the sterilizing effects of laundry detergent, oxygen, and chlorine bleach on fungal spores, and found that hot water (>30 • C) with bleach was effective at killing spores. Fungal hyphae were more sensitive to bleach than their spores. 23 Trichophyton rubrum may also be recovered from domestic washing machines after washing at 30
• C but is eliminated with washing at 60 • C; however, C. albicans does not survive at 30
• C. 24 Notably, C. albicans, one of the most common human opportunists, has not been identified in dishwashers, 9, [11] [12] [13] washing machines, 10, 15 or tap water. 16 However, the predominance of C. parapsilosis sensu stricto in hot machinery 9,11-13 is consistent with the frequency of opportunistic infections caused by this species. C. parapsilosis grows in diverse habitats, such as soil, water, marine environments, plants, insects, and human skin, and is not an obligate pathogen. 10, 25 In addition, C. parapsilosis proliferates in glucose-rich solutions and medical devices made of plastic such those used in hemodialysis units. 26 Candida parapsilosis has been recovered from sugarrich environments such as oranges, cashew nuts, coconut water, 27 apple, 28 and grape juices, 27, 29 as well as fresh and frozen pulp of Brazilian fruit. 30 Additionally, this species has been recovered from miso and other fermented yeasts. 31 Furthermore, C. parapsilosis has been found to grow on the body surface and frass of several insects, 32 fecal samples from synanthropic wild birds, 33 urban bats, 34 and South American seabirds. 35 In addition, C. parapsilosis has been detected more frequently in ewe's milk than in goat's milk, but not in cow's milk. 36 Numerous studies have reported the isolation of C. parapsilosis from raw water sources, 37 hemodialysis fluid, 26 deep-sea hydrothermal systems, 38 and tropical freshwater environments. 39 Members of the genus Candida, predominantly C. parapsilosis, have additionally been detected in both groundwater (12%) and tap water (16%) samples. 16 Candida parapsilosis has been recovered from surfaces in residential environments 13, 40 and from household appliances. 41 The fungus has additionally been identified in the air in hospital environments 42 and in solid dental waste samples, 43 suggesting that hospital settings must be monitored for the presence of this opportunistic pathogen. Maganti et al. 44 reported that, among the 14 species found to grow in trees, C. parapsilosis almost exclusively inhabits pine trees. Similar to Cryptococcus gattii, 45 C. parapsilosis is recovered from a wide range hosts and natural habitats. Our findings suggest that washing machines in hospitals should be checked for the presence of C. parapsilosis, which may represent a possible cause of nosocomial outbreaks. Our findings conclusively indicate that domestic washing machines in Mersin, Turkey, frequently harbor C. parapsilosis sensu stricto. Proteinase activity and the capacity to form biofilms were commonly seen among the isolates in the study. The results of this study identify domestic washing machines as a potential source of opportunistic fungi in dwellings, posing a risk to immunocompromised individuals who may be particularly susceptible to fungal infections. The main limitation of the present study is that only washing machines in one city center were studied; further investigation of additional regions is required in order to confirm the present findings.
In this study, we discussed the wide host range and expanding environmental niches of C. parapsilosis sensu stricto, a significant human fungal pathogen. The present ecological insights should be useful for the identification of natural reservoirs of C. parapsilosis and elucidation of the roles of both indoor and outdoor activities in exposure to C. parapsilosis.
